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Several authors [2] [3] [4] have described the occurrence of vitiligo in patients with melanoma during the past 40 years. The onset of vitiligo spontaneously or during treatment in patients with melanoma has been reported, and its incidence varies widely, with ranges from 2.8% to 4.1% 5, 6 and from 23% to 43%, 7, 8 which is much more frequent than in the normal population. 4, 9 Estimated risk for the development of vitiligo among patients with melanoma is thus as much as 10-fold higher than in the general population. 4 The relationship between vitiligo and melanoma could result from an immune-mediated destruction through recognition of melanoma-associated antigens shared by normal melanocytes and melanoma cells and may reflect an immune response to melanoma. 4, 10 A few previous studies 6, 9 have suggested that vitiligo could be associated with an improved prognosis for patients with melanoma. A more recent retrospective analysis performed on a large cohort 5 included 2954 patients with melanoma and reported similar findings. In that study, vitiligo was present in 2.8% of patients with melanoma and was found to be an independent positive prognostic factor associated with overall survival in patients with stages III and IV melanoma and with distant metastasis-free survival in patients with stage III melanoma. 5 Although their sample size was small and the trials were often underpowered to detect significant differences, several clinical trials 7, 8, 11 evaluating immunotherapies in advanced metastatic melanoma also found a correlation between vitiligo and an improved clinical response, suggesting an immunomodulating effect against metastatic disease. Pembrolizumab is a humanized IgG4 monoclonal antibody directed against the programmed death cell receptor 1 (PD-1), an inhibitory receptor expressed by T cells. As a consequence of the engagement between PD-1 and its main ligand, PD-L1, expressed on several types of cancer cells, infiltrating T cells are inhibited in their proliferating and antitumor cytolytic functions. 12 Because pembrolizumab is a potent and selective inhibitor of PD-1, it was evaluated as an antitumor immunotherapy with the goal of reactivating an effective antitumor response. In patients with metastatic melanoma, pembrolizumab already has shown extremely promising clinical results, leading to an accelerated development and authorization. 13, 14 Pembrolizumab is now available in an expanded access program in Europe and was approved by the US Food and Drug Administration on September 4, 2014. Treatment with pembrolizumab is well tolerated overall, with grade 3 or 4 adverse events in about 12% of the patients. The most frequent adverse events reported have been fatigue, diarrhea, pruritus, macular papular eruption, and arthralgia. 13 The relationship between vitiligo and response to the anti-PD-1 antibody has, to our knowledge, never been reported. Vitiligo has been reported in 11% of the patients treated with pembrolizumab, but this adverse event could be underreported because a total body skin examination is not always performed in patients treated for melanoma. To evaluate the incidence of vitiligo in patients treated with pembrolizumab and to study the potential association between vitiligo and response to therapy, we conducted a prospective dermatology study in a population of patients treated with pembrolizumab for metastatic melanoma.
Methods
This prospective observational study systematically included patients treated with pembrolizumab in the context of the phase 1 study conducted at the Cancer Campus of Gustave Roussy Institute from January 1, 2012, to September 24, 2013.
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Final follow-up was completed on September 24, 2013, and data were collected from January 1, 2012, through February 28, 2014. The study was approved by the institutional review board of Gustave Roussy Institute and a national human subjects committee. Patients provided written informed consent, and patient data were deidentified.
Patients
Patients were eligible for inclusion if they had a confirmed diagnosis of unresectable stage III or IV melanoma according to the 2009 American Joint Committee on Cancer melanoma staging and classification, 16 had received at least 3 infusions of pembrolizumab, and had undergone at least 1 radiologic evaluation 12 weeks after starting treatment. Vitiligo present before the initiation of pembrolizumab treatment was cause for exclusion.
Treatment
Patients were treated according to the phase 1 protocol consisting of pembrolizumab administered intravenously every 2 or 3 weeks at a dose ranging from 2 to 10 mg/kg of body weight. The treatment was continued until confirmation of disease progression or grade 3 or 4 toxic effects.
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Evaluation
Patients underwent a complete dermatologic examination at each visit (every 2 or 3 weeks). Skin changes occurring during therapy were photographed and underwent biopsy for pathologic examination in willing patients. 
Statistical Analysis
Data analysis was performed from February through December 2014. Associations between the presence of vitiligo (yes vs no) and response (yes vs no) or the occurrence of an immunerelated adverse event (IRAE) (yes vs no) were systematically assessed using the Fisher exact test. Because vitiligo is a timedependent factor that could induce lead-time bias, we retained a landmark analysis approach to assess the effect of the occurrence of vitiligo during anti-PD-1 therapy on overall survival. We considered time points at 12, 16, and 20 weeks after treatment initiation. Only patients alive at each of these 3 points were included in the respective analysis and were divided into groups that presented or did not present with vitiligo before the considered time point. Overall survival, defined as times from 12, 16, and 20 weeks after diagnosis to death from any cause, was estimated using the Kaplan-Meier product-limit method in each stratum and was defined by the occurrence of vitiligo from treatment initiation to 12, 16, and 20 weeks after diagnosis. Strata were compared using the log-rank test. All analyses were performed using SAS software (version 9.3; SAS Institute Inc).
Results
Patient Characteristics
From January 1, 2012, through September 30, 2013, 74 patients were treated with pembrolizumab in the context of the phase 1 study. Seven patients were excluded from our analysis. Five of them received only 1 infusion of pembrolizumab owing to rapid disease progression (3 patients) or severe toxic effects (2 patients). The other 2 patients were excluded because they had vitiligo before receiving the first pembrolizumab infusion. Of the 67 enrolled patients, 29 (43%) were women and 38 (57%) were men. Their ages ranged from 20 to 74 years, with a mean age of 54 years. Three patients (4%) had stage III melanoma and 64 patients (96%) had stage IV melanoma (eTable in the Supplement). Vitiligo occurred in 17 of the 67 patients with melanoma for a cumulative incidence of 25% ( Table 1 and Figure 1 ). The mean age at vitiligo occurrence was 57 (range, 28-72) years, with a male prevalence. Of these 17 patients, 6 (35%) had been treated previously with immunotherapy; 9 (53%), with cytotoxic chemotherapy; and 1 (6%), with targeted agents (eTable in the Supplement). Baseline characteristics were not statistically different, except that fewer patients received targeted agents in the group with vitiligo (1 of 17 [6%] vs 20 of 50 [40%]; P = .01) and the time since the first diagnosis was shorter in patients with vitiligo (25.0 vs 47.5 months; P = .04) (eTable in the Supplement). We found no relationship between vitiligo occurrence and previous immunotherapy (eTable in the Supplement; Fisher exact test, P = .55). No association between pembrolizumab dose and vitiligo occurrence was found.
The time to onset of vitiligo ranged from 52 to 453 (median, 126) days from the start of pembrolizumab treatment. The median number of infusions of pembrolizumab before the onset of vitiligo was 7 (range, 4-31). Of the 17 patients, vitiligo was localized in 2 (12%), generalized in 14 (82%), and mixed in 1 (6%) ( Table 1) . Hypomelanotic lesions developed around cutaneous metastases in 3 patients. Two patients had grade 2 vitiligo with hypopigmentation covering more than 10% of their body surface area and reported a psychosocial impact of the skin lesions. One of them developed universal vitiligo after 6 pembrolizumab infusions with a rapid extension of the skin lesions, which preceded a complete tumor response, and the other had stable disease at the final follow-up. Of the 2 patients with localized vitiligo, one had progressive disease and one had a partial response at the final follow-up.
Two patients underwent skin biopsy of the vitiligo areas. Pathologic reports mentioned a dermal inflammatory infiltrate with a predominance of T cells and disappearance of skin melanocytes, as shown by the results of Fontana-Masson melanin staining and anti-MART-1 immunohistochemistry.
Tumor Responses
The median time from the initiation of pembrolizumab treatment to the last dose of pembrolizumab was 168 (range, 41-702) days. Among the 17 patients who developed vitiligo during the treatment, 12 (71%) had an objective response. Thus, we observed a complete response for 3 patients (18%) and a partial response for 9 patients (53%). Three patients (18%) who developed vitiligo had stable disease, and 2 patients (12%) had progressive disease at the final follow-up. Of the 50 patients who did not develop vitiligo, 14 (28%) had an objective (complete or partial) tumor response, 1 (2%) had stable disease, and 35 (70%) had progressive disease ( Table 2 ). The difference between the vitiligo and nonvitiligo groups in objective response (71% vs 28%) was significant (Fisher exact test, P = .002). Of the 2 patients excluded from the analysis because they had preexisting vitiligo, one had stable disease and one had progressive disease at the final follow-up.
Effect of Vitiligo During Therapy on Overall Survival
All 17 patients treated with pembrolizumab who developed vitiligo are still alive, with a median follow-up of 441 days. Figure 2 shows that no death was observed among the patients who developed vitiligo after 12, 16, and 20 weeks of treatment, whereas the 1-year conditional survival rates were 70% (95% CI, 55%-81%), 75% (95% CI, 58%-86%), and 81% (95% CI, 61%-91%), respectively, among patients without vitiligo. However, overall survival of patients presenting with vitiligo during the first 12, 16, and 20 weeks was not significantly improved compared with patients free of vitiligo (P = .35, P = .17, and P = .17, respectively). 
Association of Vitiligo With IRAEs
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The results of this prospective cohort study suggest that the onset of vitiligo in patients treated with pembrolizumab for metastatic melanoma could be a clinically visible IRAE associated with clinical benefit. Indeed, vitiligo did not develop in any of the 22 patients who died at final follow-up, and 12 of the 17 patients who developed vitiligo (71%) had an objective tumor response (complete or partial) vs 14 of 50 patients (28%) who did not develop vitiligo (P = .002).
The conclusion that the occurrence of vitiligo might be an early marker of tumor response is difficult to make because the median time to the onset of vitiligo was 126 days and the first radiologic evaluation occurred earlier, after 84 days. However, for 5 patients (including the patient who presented with universal vitiligo), vitiligo clearly preceded the partial response that was observed at the first radiologic evaluation.
Vitiligo that occurs during pembrolizumab treatment represents a time-dependent factor. When we evaluate the association between the occurrence of vitiligo and survival after starting pembrolizumab administration, we must consider a selection bias: patients who presented with vitiligo received treatment long enough and lived long enough to present with this event. This selection bias of patients with vitiligo who live longer than patients without vitiligo is termed lead-time or guarantee-time bias. 19, 20 To control for this bias, a landmark analysis approach was considered. The effect of vitiligo occurring before the 3 chosen time points (12, 16 , and 20 weeks) was estimated; the factor evaluated at the time point was no longer time dependent and the selection bias was avoided. However, for a given time point, patients who died before that point are excluded from analysis. Therefore, the sample size for each time point is reduced, which leads to a decrease in power. Thus, after correction for lead-time bias, associations between the appearance of vitiligo and overall survival did not reach statistical significance. Vitiligo is known to be associated often with other autoimmune diseases, such as autoimmune thyroiditis, type 1 diabetes mellitus, and organ-specific autoantibodies. 21, 22 In our study, we found that patients with vitiligo were characterized by a higher frequency and severity of IRAEs than those without vitiligo. These results are supported by a report from Quaglino et al, 5 who found that patients with melanomaassociated vitiligo have more immune-mediated diseases. Association between IRAEs and the response to anti-cytotoxic T-lymphocyte antigen 4 therapy has been demonstrated 20 but not with anti-PD-1 therapy, and our prospective design that focuses mainly on skin reactions does not allow us to study this potential association. Our study found a 25% incidence of vitiligo in patients treated with pembrolizumab. This ratio is difficult to compare with those of previous studies performed in patients with melanoma because patients with preexisting vitiligo were not always excluded and prospective studies are rare (n = 7). 5, 6, 8, [23] [24] [25] [26] This incidence of one-quarter of the patients is much higher than what has been reported in the first safety and efficacy report of pembrolizumab (9%-11%). 13 This difference probably results from an underestimation of the frequency of vitiligo in clinical trial safety reports because pa- tients do not always undergo examination by a dermatologist of the entire skin surface area at each visit, as in our study. We found that vitiligo occurring during pembrolizumab treatment of patients with melanoma was more often symmetrically and bilaterally distributed (14 of 17 patients [82%]) than localized. These results are concordant with those reported by Hartmann et al, 18 who showed that 75% of melanomaassociated vitiligo had a rather generalized distribution. Development of melanoma-associated vitiligo after immunotherapy has already been correlated with improved survival, as has the appearance of other autoimmune manifestations. 7, 8, 11, 24 Richards et al 24 described first a positive correlation (P < .005) of vitiligo with tumor regression in 47% of 36 patients treated with sequences of chemotherapy (carmustine, dacarbazine, and cisplatin) and immunotherapy (interleukin 2 and interferon alfa-2). Boasberg et al 8 reported an incidence of vitiligo of 43% in 49 patients with metastatic melanoma who were treated with injections of interleukin 2 after the induction of chemotherapy. The median overall survival was 18.2 months in the group of patients who developed vitiligo compared with 8.5 months for the nonvitiligo group. However, when time to occurrence of vitiligo was taken into account as a time-dependent covariate, vitiligo was not a significant predictor of survival (hazard ratio, 0.55; P = .09). 8 Gogas et al 11 reported significantly improved relapsefree survival and overall survival in patients with stages IIB, IIC, and III melanoma who received adjuvant treatment with interferon alpha-2b and developed autoimmune diseases, including vitiligo. In addition, a positive correlation of autoimmune manifestations and response in patients with metastatic melanoma who were treated with anti-cytotoxic T-lymphocyte antigen 4 antibodies has also been reported. 27 Our study is the first, to our knowledge, to suggest an association between vitiligo and responses to anti-PD-1 therapy. The cause of melanoma-associated vitiligo is not well known, but the infiltration of the same clone of CD8 T cells in the tumor and in vitiligo lesions and the circulation of antibodies against melanoma-associated antigens shared by melanoma cells and normal melanocytes (MART-1, gp100, and tyrosinaserelated proteins 1 and 2), each implicated in melanin synthesis, suggest an autoimmune mechanism.
28,29 Thus, the overexpression of melanocytic antigens in tumor cells and the release of these antigens by therapy could explain the breakdown of immune tolerance to these self-antigens. 30 In pembrolizumab treatment, PD-1 antibodies activate the immune response by preventing an inhibitory signal and probably induce tumor responses against antigens shared by melanomas and normal melanocytes. This hypothesis is supported by the fact that vitiligo has not been reported in patients with cancers distinct from melanoma, such as renal cell cancer. 31 However, further prospective dermatologic examination of patients with other cancers treated with anti-PD-1 will be needed to validate this hypothesis.
Conclusions
Our results suggest that vitiligo could be a clinically visible immune-related event associated with clinical benefit in the context of pembrolizumab treatment. Better understanding of immunity against melanocytes in melanoma, which clinically manifest as vitiligo, might contribute to the identification of other targets for immunotherapy against melanoma. 
